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Description 

This invention relates to crystalline zeolite L, its preparation and use in separations and catalysis. 

Zeolite L had been known for some time and its preparation is described in USA 3216789. GB-A- 
s 1202511, US-A-3867512, EP-A-0096479, EP-A-01 42353. EP-A-01 42354, EP-A-0142355, EP-A-0142347, EP- 
A-01 42348, and EP-A-01 42349. GB-A-1 393365 describes zeolite AGI which is alleged to relate to zeolite L 

Zeolite L may be used at a catalyst base in aromatization reactions as described in US-A-41 04320, EP- 
A-0040119, BE-A-792608, and EP-A-01 42351 . 

EP-A-0219354 describes an improved zeolite L having a characteristic morphology and/or size and/or 
70 cation content and/or silica/alumina ratio which is particularly valuable for use as a catalyst base in 
hydrocarbon conversions such as aromatization. This is prepared by introducing small amounts of 
magnesium, calcium, barium, manganese, chromium, cobalt, nickel or zinc into the synthesis gel for zeolite 
L 

We have now discovered a synthesis for zeolite L which enables one to prepare very small zeolite L 
75 crystals (potassium-containing crystals) which show very good adsorptive/selective properties for 1,5; 2,6 
and 2,7 dimethyl naphthalene (DMN) with an enhanced selectivity of 1,5 DMN over the other isomers of 
dimethyl naphthalene. 

According to this invention zeolite L in very small crystalline form is prepared by a process in which an 
alkaline reaction mixture comprising water, a source of silicon, a source of alkali metal (M) and a source of 
20 aluminium or gallium is heated to a temperature of at least 80 •C for a period of time long enough to form 
zeolite L, the composition of the reaction mixture having the following molar ratios (expressed as oxides): 

M 2 0/Si0 2 0.4 to 0.5 

25 H 2 0/M 2 0 15 to 30 

and Si0 2 /Al 2 O 3 or Ga 2 0 3 5 to 11 

30 where M"]s~potassium or a mixture of potassium and one or more other alkali metals. It is a feature of the 
invention that the formed small crystallites may be agglomerated to form particles which may easily be 
recovered. 

In the synthesis of the zeolitic materials of the invention, the source of silicon for the reaction mixture is 
generally silica, and this is usually most conveniently in the form of a colloidal suspension of silica such as 
as Ludox HS 40 available from E.I. Dupont de Nemours and Co. However, other forms such as silicates may 
be used 

The source of aluminium may be an alumina introduced into the reaction medium as, for example, 
AI2O3.3H2O, previously dissolved in alkali. However, it is also possible to introduce aluminium in the form of 
the metal, which is dissolved in alkali. 

40 Gallium may be introduced as gallium oxide, Ga 2 0 3 again previously dissolved in alkali. It is preferable 
to use a nucleating or seeding amount of preformed zeolite L in a synthesis which contains gallium. The 
seeds may be prepared either by a gallium or aluminium based synthesis and are typically used in an 
amount of 0.1 to 0.5 weight % of the reaction mixture. 

The source of potassium is usually potassium hydroxide. Alternatively one can use a source of a 

45 mixture of potassium and one or more other alkali metals, for example sodium, rubidium or caesium. 
Usually no more than 30 mole % of potassium is replaced by an alkali metal. 

In another embodiment of the invention other metals (M 1 ) may be included. Such metals include Group 
lb metals, such as copper, Group II metals, for example magnesium, calcium, barium or zinc. Group IV 
such as lead or Group VI, VII or VIII metals such as chromium, manganese, iron, cobalt or nickel. These 

50 metals may be introduced in the form of any convenient compound, for example as an oxide, hydroxide, 
nitrate or sulphate. 

A suitable ratio of M to M 1 expressed as oxides is a molar ratio M 2 0/lv1 1 2A 1 0 where n is the valency of 
M 1 of 700 to 1000. 
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The preferred molar ratios when M 1 is absent are as follows: 

M 2 0/Si0 2 0.42 to 0.48 

s H 2 0/M 2 0 20 to 25 

and Si0 2 /Al 2 0 3 5 to 8, especially 6 to 7 

to or M 2 0/Si0 2 0.42 to 0.48 

H 2 0/M 2 0 20 to 25 

and Si0 2 /Ga 2 0 3 7 to 11, especially 9 to 11 



75 



20 



25 



Typical reaction mixtures will fall in the following molar ranges expressed as oxides: 4-5 K2O/1.25-1.50 
AI2O3/IO SiO 2 /80-150 H 2 0 and 4-5 K2Ort.OO-l.SO Ga 2 O 3 /10 SiOa/80-150 H 2 0. 
When M 1 is present the preferred molar ratios are as follows: 

(M 2 0 + « 1 2 / n 0,/Si0 2 0,42 t0 °* 48 

H 2 0/(M 2 0 + M 1 2/n O) 20 to 25 

M 2 0/M 1 2/n O 800 to 900 

and Si0 2 /Al 2 0 3 5 to 8 f especially 6 to 7 

_ or — (MjO-+-41- 27 -0) 7Si0 2 0,42-tO-0.48 



30 



35 



H 2 0/(M 2 0 + M 2/n O) 20 to 25 
M 2 0/M 1 2/n O 800 to 900 

and Si0 2 /Ga 2 0 3 7 to 11, especially 9 to 11 



In order to prepare the zeolite L according to the invention, i.e. with very small KL crystals, a prepared 
gel is crystallised in a very alkaline/aluminium rich/low water environment. The above-described reaction 
mixture is a very alkaline synthesis mixture because of the high M 2 0/Si02 molar ratio. 

40 The gel is usually prepared by dissolving the aluminium or gallium compound, e.g. Al 2 0 3 , in an 
aqueous solution of the alkali metal (M) compound, e.g. KOH, to form a solution. This dissolution is usually 
achieved by boiling the aluminium compound in the aqueous solution of the alkali metal compound. After 
dissolution any water loss can be corrected. A separate solution comprises the silicon compound. e.g. 
colloidal silica, which may be diluted with water. The two solutions are then mixed, e.g. for about 2 minutes. 

45 to form the required gel. The amounts of reactants are of course chosen so that the molar ratios thereof fall 
within the defined limits. If a compound of another metal is also used the compound of that metal (M 1 ) can 
be included with the compound of the alkali metal (M) or added later. 

The crystallisation is generally carried out in a sealed autoclave and thus at autogenous pressure. It is 
generally inconvenient, although possible, to employ higher pressures. Lower pressure will require longer 

50 crystallisation times. 

Crystallisation time is related to the crystallisation temperature. The crystallisation is carried out at a 
temperature of at least 80'C, preferably 130'C to 150'C and at this temperature the crystallisation time 
may be from 14 to 72 hours, typically from 16 to 24 hours. Lower temperatures may require longer times to 
achieve good yield of the desired product, whereas times of less than 16 hours are possible when higher 
55 temperatures are used. A time of 4 to 8 hours is typical for a temperature of 200 • C or greater. 

Following the preparation as described above the zeolite L may be separated, washed and dried. The 
washing may be to a pH of more than 7, e.g. 9 to 10. Drying may be at a temperature of above 120 -C. e.g. 
about 125"C for at least 10 hours, e.g. about 16 hours. 



3 



EP 0 323 893 B1 



It is found that the zeolite L obtained by the process of this invention (using aluminium) is extremely 
aluminous, for example the Si/Ab molar ratio can be as low as 4.0 to 4.5, e.g. about 4.3, whilst the K/AI 
atomic ratio can be close to unity. 

X-ray diffraction (XRD) shows that the product is substantially XRD invisible. Analysis by scanning 
5 electron microscopy indicates that the product consists of very uniform aggregates with a length of 0.50 to 
1.50. e.g. about 0.70 micrometres and with a diameter of 0.20 to 0.60. e.g. about 0.4 micrometres. Thus the 
size of the agglomerate is dependent on the alkalinity of the reaction mixture. 

By illuminating agglomerated zeolite crystals obtained by the process of this invention with 120kV 
accelerated electrons in a transmission electron microscope it was found that the crystals are typically 40 to 
to 60 nm long and that their diameters range from 10 to 20 nm. The channels of the zeolite L crystals within 
the agglomerate were found all to have the same direction, plus or minus 15*. This means that there are 
small pores between the crystals which are about 6 to 15 nm in diameter, giving the agglomerates a three- 
dimensional channel system. 

Accordingly this invention provides an agglomerate of crystals of zeolite L, said crystals being 30 to 70 
15 nm long and of diameter 5 to 25 nm with pores between the crystals of 3 to 20 nm diameter. The crystals 
are preferably 40 to 60 nm long and of diameter 10 to 20 nm and the pores are preferably of 6 to 15 nm 
diameter. 

The very small crystals of zeolite L produced by the process of this invention and the above defined 
agglomerate of crystals of zeolite L show very good absorptive/selective properties, and may be useful in 

20 organic separation. They have been found to be particularly useful in separation of 1.5; 2,6 and 2.7 dimethyl 
naphthalene (DMN). The 1.5 DMN shows an enhanced selectivity over the 2,6 and 2,7 isomers. Because of 
the very small sized crystals there is a much lower mass transfer resistance when carrying out dynamic 
liquid chromatography. In accordance with this invention the 1.5; 2,6 and 2,7 isomers of dimethyl 
naphthalene (DMN) are separated from one another by passing a stream comprising said isomers through a 

zs mass of the zeolite L produced by the process of this invention or of the above defined agglomerate of 
crystals of zeolite L and obtaining substantially pure 2,7 DMN. followed by substantially pure 2.6 DMN and 
thereafter substantially pure 1 ,5 DMN. 

The mass of zeolite L or of the defined agglomerate of crystals of zeolite L can for example be a 
™i»mn nr , fiiiirii Rft fi hsri and the stre am comprising the isomers is pumped into the bottom of the col umn 

so or fluidised bed. This stream can for example be a petroleum refinery stream. The desired isomers are 
obtained in substantially pure state in phased intervals from the outlet of the column or of the fluidised bed. 

The zeolite L prepared by the invention may be used as a catalyst base and may be used in 
combination with a catalytically active metal in a wide variety of catalytic reactions. It is especially suited to 
catalytic applications where a low acid site strength is advantageous such as aromatisation. 

35 The catalytically-active metal(s) may be, for example, a Group VIII metal such as platinum, or tin or 
germanium as described in US-A-4104320, or a combination of platinum and rhenium as described in GB- 
A-2004764 or BE-A-888365. In the latter case, the catalyst may for appropriate circumstances also 
incorporate halogen as described in US-A-41 65276, silver as described in US-A-4295959 and US-A- 
4206040, cadmium as described in US-A-4295960 and US-A-4231897 or sulphur as described in GB-A- 

40 1600927. 

A particularly advantageous catalyst composition incorporates from 0.1 to 6.0 wt.%, (based on the total 
weight of the composition), preferably from 0.1 to 1.5 wt.% platinum or palladium, since this gives excellent 
results in aromatisation. From 0.4 to 1.2 wt.% platinum is particularly preferred. Accordingly the invention 
provides a catalyst comprising the zeolite and a catalytically-active metal. 

45 It may also be useful to incorporate into the catalyst of the invention one or more materials substantially 
inert under the conditions in which the catalyst is to be employed to act as a binder. Such binders may also 
act to improve the resistance of the catalyst to temperature, pressure and attrition. 

The zeolite L of the invention may be used in a process for the conversion of a hydrocarbon feed in 
which the feed is contacted with a catalyst as described above under appropriate conditions to bring about 

so the desired conversion. They may. for example, be useful in reactions involving aromatisation and/or 
dehydrocyclisation and/or isomerisation and/or dehydrogenation reaction. They are particularly useful in a 
process for the dehydrocyclisation and/or isomerisation of aliphatic hydrocarbons in which the hydrocarbons 
are contacted at a temperature of from 370 to 600 -C, preferably 430 to 550 -C. with a catalyst comprising 
zeolite L of the invention, preferably having at least 90% of the cations M as potassium ions, and preferably 

55 incorporating at least one Group VIII metal having dehydrogenating activity, so as to convert at least part of 
the aliphatic hydrocarbons into aromatic hydrocarbons. 

The aliphatic hydrocarbons may be straight or branched chain acyclic hydrocarbons, and particularly 
paraffins such as hexane, although mixtures of hydrocarbons may also be used such as paraffin fractions 
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containing a range of alkanes possibly with minor amounts of other hydrocarbons. Cycloaliphat.c hydrocar- 
bon such as methylcyclopentane may also be used. In a preferred embodiment the feed to a process for 
preparing aromatic hydrocarbons and particularly benzene comprises hexanes. The temperature of the 
catalytic reaction may be from 370 to 600'C, preferably 430 to 550'C and preferably pressures in excess 
6 of atmospheric are used, for example up to 2000 KPa. more preferably 500 to 1000 KPa. Hydrogen ,s 
employed in the formation of aromatic hydrocarbons preferably with a hydrogen to feed ratio of less than 

10 ' The process is preferably otherwise carried out in the manner described in US-A-4104320. BE-A- 
888365, EP-A-0040119, EP-A-01 42351, EP-A-01 45289 or EP-A-01 42352. 
io The invention is now illustrated by the following Examples. 

Example 1 

A very alkaline synthesis mixture (solutions A and B) was prepared having the molar composition 
js 4.5K2O/0.0054 BaO/1.50AI 2 O3/10SiO2/102H2O 

The two solutions A and B were mixed together; solution A (potassium aluminate solution) was as follows: 



20 



25 



KOH pellets (87.3%) 72.27 g 

Al(OH) 3 (99.9%) 29.26 g 

Water 62.62 g 

Rinsing water 35.18 g 



Solution B (silicate solution) was as follows: 

Ludox-HS4<MSACM 187t*2 g 



30 



Ba(OH) 2 8H 2 0 0.2142 g 



The AI(OH) 3 was dissolved by boiling and after cooling to ambient temperature the weight loss due to 
35 evaporation of water was corrected. 

The two solutions A and B were then mixed for about two minutes to form a gel- 

The gel was heated in a 300 ml autoclave under autogenous pressure to 150'C and mainta.ned at th.s 

temperature for 20 hours. The product was washed to a pH of 9.8 and subsequently dried at 125 C for 16 

hours. 



40 



45 



50 



55 



The product yield was 23% (product yield « 

weight dry product x 1(JQ%) 
weight gel 

Elemental analysis showed that the zeolite product was extremely aluminous, i.e. the Si/AI 2 molar ratio was 
4.3. The K/AI atomic ratio was 1.04. , 

Analysis by scanning electron micrographs (SEM) indicated that the P^ct consjste 
agglomerates with a length of about 0.7 micrometres and with a d.ameter of about 0.4 micrometres. The 
SEM at an enlargement of 10,000 is shown in Fig. 1. 

The agglomerated zeolite crystals were illuminated with 120 kV accelerated electrons » > «^««» 
electron microscope. It was found that the agglomerate consisted of tiny zeolite crystals and that the zeol. e 
is a zeolite L. The crystals were found to be typically 40 to 60 nm long with diameters ranging from 10 to 
20 nm. The channels of the zeolite L crystals within the agglomerate were found all to have the same 
direction plus or minus 15'. This means that there were small pores between the crystals, appropriately 6 
to 15 nm in diameter, giving the agglomerates a three-dimensional channel system. 
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Example 2 

The zeolite L product obtained in Example 1 was tested in a static adsorption test so as to determine 
the distribution of a component over the liquid and the adsorbent phase. In a static adsorption test a known 
amount of adsorbent is equilibrated with a known amount of solution, containing the compounds to be 
separated. Before and after equilibration the liquid phase is analyzed mostly by gas chromotography (GC). 

From experimental data of the liquid phase concentration a total hydrocarbon capacity and a so-called 
static separation factor is calculated. The zeolite L product, which consisted of agglomerates of nanometer 
sized crystals, was tested in a liquid phase static equilibrium test at 150 *C using an equimolar feed of 2.6 
DMN : 2.7 DMN : 1.5 DMN (1 : 1 : 1) in the absence of any desorbent. As a diluent N-decane was used. 

The results of this test are given in Table 1 . Also in table 1 , the results are shown of a liquid phase 
static equilibrium test in which conventionally sized zeolite L-crystals were used as an adsorbent. 



Table 1 



adsorbent : 
conventionally 
sized zeolite 
L-crystals 



adsorbent : 
nanometer 
sized zeolite 
L-crystals 



2.6/2.7 separation factor 4.3 1.8 

1.5/2.6 separation factor 0.9 1.9 



Total DMN capacity, wt % 4 7 



Example 3 

Three further zeolite L products (X,Y and Z) were prepared using the following synthesis mixtures 
(weight of reactants in grams). 



X Y Z 

KOH (87.3%) 76.29 76.27 76.25 

Al(OH) 3 (99.9%) 25.35 25.35 25.35 

H 2° 75.09 75.10 75.70 

Rinsing water 22.26 22.47 22.03 

Ludox HS-40 187.84 187.86 187.84 
Ba(OH) 2 .8H 2 0 0.2136 

Weight of gel in 354.97 348.78 368.90 

autoclaves 

The procedure of Example 1 was repeated and the crystallisation took 20 1/4 hours at 150*C. After this 
aging period the autoclaves were quenched with running tap water. 
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The gel compositions were as follows: 
X : 4.75 K;>O/0.0054 BaO/1.30 AI 2 O 3 /10 SiO 2 /102 H 2 0 
Y : 4.75 K2O/1.30 AI 2 O 3 /10 SiO 2 /102 H 2 0 
Z : 4.75 1^0/1.30 AI 2 O 3 /10 SiO 2 /102 H 2 0 
5 The products were washed with demineralised water. The products were dried for approximately 20 hours 
at 125 *C. The product weights were: X 70.7 g, Y 69.9 g, Z 83 g. The product yields were: X 19.9%, Y 
20.0%, Z 19.9%. 

XRD: The products showed the typical XRD traces namely very broad and weak L-pattern, the peak at 
205 was not present. 

70 SEM showed that in all cases the zeolite L product has an agglomerative appearance, the size of the 
agglomerates is smaller than that of Example 1. This was expected since the alkalinity (KaO/SiC^ ratio) was 
increased versus that of Example 1. X.Y.Z : K 2 0/Si0 2 ratio : 0.475 versus teO/SiCfe ratio for that of 
Example 1 of 0.450. 



75 Example 4 

Two zeolite L (A and B) were prepared based on gallium instead of aluminium. The preparation 
synthesis mixture (weight reactants in grams) were: 





A 


B 


KOH(87.3%) 


77.10 


86.73 


Ga 2 0 3 


28.11 


28.12 


H 2 0 


80.10 


80.29 


Rinse water 


41.83 


40.17 


Ludox HS-40 (Si0 2 ) 


225.43 


225.40 


Seeds 


0.67 


0.70 



Th^swds"were~seed"of"zeoliteircontainingiDotassium -and-a-few-ppm-of-cobalt-of-size-0r1-um.- 
30 The seeds were mixed for about 5 minutes at high speed in the Ludox HS40. The gailate solutions were 

then added and the beakers containing the gailate solutions were then rinsed with rinse water. The rinsing 

water was added to the mixture and the mixtures were mixed for 3 minutes. The resulting synthesis 

mixtures were pourable like water. 

The synthesis mixtures were divided over several containers. 
35 A : 224.84 g in polypropylene vessel (A1) 

A : 222.02 g in a stainless steel 300 ml autoclave (A2) 

B : 227.58 g in a polypropylene vessel (B1) 

B : 223.85 g in a stainless steel 300 ml autoclave (B2) 

Those mixtures in the polypropylene vessels (A1 and B1) were crystallised at 135 'C in an oil bath and 
40 those mixtures in the stainless steel autoclave (A2 and B2) were crystallised at 135 *C in a laboratory oven. 
The gel compositions (moles) were as follows: 
A : 4.0 K2O/Ga 2 O 3 /10 Si0 2 /99 H 2 0 + 0.15% seeds 
B : 4.5 KsfOA^CVIO Si0 2 /99 H 2 0 + 0.15% seeds 

It was found that ± 5 minutes after placing the containers in the oil bath at 98 *C gellation of the mixture 
45 ^ . . 
started. 

After 40 hours into heating the crystallisation was terminated. The products were washed with 
demineralised water and the pH's were: 
A1 : 10.7, B1 : 10.9 
A2 : 10.5, B2 : 10.6 

50 After drying at 125 0 C for 16 hours the weights of the recovered products were: 



55 



7 



EP 0 323 893 B1 



yield % 



Al 


40.2 


g 


17.9 


A2 


39.9 


g 


18.0 


Bl 


34.8 


g 


15.3 


B2 


37.3 


g 


16.7 



During washing a small amount (1 gram) of the product was lost; it was very difficult to recover all the 
product. This indicated that the product consisted of very small particles. 

Calculated Si02/Ga 2 03 Ratio (from weight of recovered product) : 

A1 : Si02/Ga2 0 3 = 4.2 

A2 : Si0 2 /Ga 2 0 3 = 4.2 

B1 : SiCVGasOs = 3.1 

B2 : Si0 2 /Ga2 0 3 = 3.8 
The SEM for A1 and A2 at an enlargement of 20,000 are shown in Figs. 2 and 3. 

It can be observed that there is an increase in the total DMN capacity and that there is an improved 
selectivity towards the 1.5 DMN isomer. 

Example 5 

Characterization by Liquid Chromatography (LC) Tests 

in the dynamic LC test a desorbent. a single component or a mixture of components, is flown at a 
constant rate through a column filled with the adsorbent particles. 

In this case, at zero time a pulse of 2.6, 2.7 or 1.5 DMN was injected into a stream of n-decane 
containing 3 weight % of o-xylene . the adsorbent being zeolite L crystals. 

The concentration of the eluting component was recorded as a function of the elution volume. 

The results are shown in Figs. 4a, 4b and 4c in which the pump discharge is 0.2 ml/min and the 
desorbent is 3 wt % solution of o-xylene in N-decane. 

In Fig. 4a, the relative concentration versus elution volume is given for conventionally sized zeolite L 
crystals at a temperature of 192 • C. 

In Fig. 4b, the relative concentration versus elution volume is given for nanometer sized zeolite L 
crystals obtained by the process of Example 1 at 192 • C. 

In Fig. 4c, the relative concentration versus elution volume is given for nanometer sized zeolite L 
crystals obtained by the process of Example 1 at 55 -C. In all these examples a 3 wt % solution of o-xylene 
in N-decane was used as desorbent. It can be observed that 

(1) for conventionally sized zeolite L crystals 1.5 and 2.6 DMN elute as broad, ill-shaped peaks; 

(2) for nanometer sized zeolite L crystals 1.5 and 2.6 DMN elute as relatively sharp peaks; and 

(3) even at 55 c C relatively sharp peaks are observed for nanometer sized zeolite L crystals. 

From these observations it can be concluded that a significant reduction of the mass transfer resistance 
is achieved in a dynamic separation process when a zeolitic adsorbent is used which has an effective 
crystal size which is much smaller than the usual crystal size of one micron. Moreover, this reduced mass 
transfer resistance allows one to employ a lower operating temperature in a dynamic separation process. 

Claims 

1. A process for preparing zeolite L in which an alkaline reaction mixture comprising water, a source of 
silicon, a source of alkali metal (M) and a source of aluminium or gallium is heated to a temperature of 
at least 80 ° C for a period of time long enough to form zeolite L, the composition of the reaction 
mixture having the following molar ratios (expressed as oxides): 
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M 2 0/Si0 2 0.4 to 0.5 

H 2 0/M 2 0 15 to 30 

and Si0 2 /Al 2 0 3 or Ga 2 0 3 5 to 11 



where M is potassium or a mixture of potassium and one or more other alkali metals. 
2. A process according to claim 1 wherein the molar ratios are: 



M 2 0/Si0 2 0.42 to 0.48 

H 2 0/M 2 0 20 to 25 

and Si0 2 /Al 2 0 3 5 to 8 



3. A process according to claim 1 wherein the molar ratios are: 

0.42 to 0.48 
20 to 25 
7 to 11 



4. A process according to claim 1 in which the reaction mixture includes a source of a metal (M 1 ) of 
Group lb, II, IV, VI, VII or VIII of the Periodic Table of Elements. 

5. A process according to claim 4 wherein the ratio of M to M 1 expressed as oxides is a molar ratio 
NfeO/M^/nOof 700 to 1000 where n is the valency of M 1 . 

6. A process according to either of claims 4 and 5 wherein the molar ratios are: 



(M 2 0 + M 1 2/ n O)/Si0 2 


0.42 to 0.48 


H 2 0 (M 2 0 + M 1 Hy n O) 


20 to 25 


M 2 0/M 1 2 / n O 


800 to 900 


Si0 2 /Al 2 0 3 


5 to 8 



7. A process according to either of claims 4 and 5 wherein the molar ratios are: 



(M 2 0 + M 1 2/n O)/Si0 2 


0.42 to 0.48 


H 2 0(M 2 0 + M^/nO) 


20 to 25 


M 2 0/M 1 2/n O 


800 to 900 


Si0 2 /Ga 2 0 3 


7 to 11 



M 2 0/Si0 2 
H 2 0/M 2 0 
and SiO n /Ga-0 



a A process according to any of the preceding claims wherein the molar range of the reactants 
expressed as oxides is: 

4-5 fcO/l .25-1.50 AI 2 O 3 /10 SiO 2 /80-150 H 2 0 or 
4-5 ^0/1.00-1.50 Ga 2 O 3 /10 SiO 2 /80-150 H 2 0 
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9< Th e use of zeolite L produced by the process according to any one of the preceding claims in the 
separation of 1,5; 2,6 and 2,7 isomers of dimethyl naphthalene. 

10. An agglomerate of crystals of zeolite L, said crystals being 30 to 70 nm long and of diameter 5 to 25 
5 nm with pores between the crystals of 3 to 20 nm diameter. 

11. An agglomerate according to claim 10 wherein the crystals are 40 to 60 nm long and of diameter 10 to 
20 nm and the pores are of 6 to 15 nm diameter. 

70 12. A process for the separation of the 1,5; 2,6 and 2,7 isomers of dimethyl naphthalene (DMN) from one 
another by passing a stream comprising said isomers through a mass of the zeolite L prepared by a 
process according to any of claims 1 to 8 or the agglomerate according to either of claims 10 and 11 
and obtaining substantially pure 2,7 DMN, followed by substantially pure 2,6 DMN and thereafter 
substantially pure 1,5 DMN. 

75 

Patentanspriiche 

1. Verfahren zur Herstellung von Zeolith L, bei dem eine alkalische Reaktionsmischung, die Wasser, eine 
Siliciumquelle, eine Quelle eines Alkalimetalls (M) und eine Aluminium- oder Galliumquelle umfaBt, 
20 wahrend einer Zeitdauer, die ausreichend lang ist, urn Zeolith L zu bilden, auf eine Temperatur von 
mindestens 80 °C erhitzt wird, wobei die Zusammensetzung der Reaktionsmischung die folgenden 
Molverhaltnisse (ausgedruckt als Oxide) aufweist: 



M 2 0/Si0 2 


0,4 bis 0,5 


H 2 0/M 2 0 


15 bis 30 


und 




Si0 2 /AI 2 03 oder Ga 2 03 


5 bis 1 1 



wobei M Kali urn oder eine Mischung aus Kalium und einem oder mehreren anderen Alkalimetallen ist. 



2. Verfahren nach Anspruch 1, bei dem die Molverhaltnisse 





M 2 0/Si0 2 


0,42 bis 0,48 


35 


H 2 0/M 2 0 


20 bis 25 




und 






Si0 2 /Al 2 0 3 


5 bis 8 



40 sind. 

3. Verfahren nach Anspruch 1, bei dem die Molverhaltnisse 





M 2 0/Si0 2 


0,42 bis 0,48 


45 


H 2 0/M 2 0 


20 bis 25 




und 






Si0 2 /Ga 2 0 3 


7 bis 11 



50 sind. 

4. Verfahren nach Anspruch 1, bei dem die Reaktionsmischung eine Quelle eines Metails (M 1 ) aus der 
Gruppe lb, II, IV, VI, VII oder VIII des Periodensystems der Elemente einschlieBt. 

55 5. Verfahren nach Anspruch 4, bei dem das Verhaltnis von M zu M\ ausgedrGckt als Oxide, ein 
Molverhaltnis M 2 0/M 1 2/n O von 700 bis 1 000 ist, wobei n die Wertigkeit von M 1 ist. 

6. Verfahren nach entweder Anspruch 4 oder Anspruch 5, bei dem die Molverhaltnisse 
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(M 2 0 + M 1 2/ n O)/Si0 2 


0,42 bis 0,48 


H 2 0/(M 2 0 + M 1 2 /nO) 


20 bis 25 


M 2 0/M 1 2/ n O 


800 bis 900 


und 




Si0 2 /Al 2 0 3 


5 bis 8 



sind. 

70 7. Verfahren nach entweder Anspruch 4 oder Anspruch 5, bei dem die Molverhaltnisse 



(M 2 0 + M'z/nOySiOa 


0,42 bis 0,48 


H 2 0/(M 2 0 + M 1 2/n O) 


20 bis 25 


M 2 0/M 1 2/n O 


800 bis 900 


und 




Si0 2 /Ga 2 0 3 


7 bis 11 



sind. 

20 

8. Verfahren nach einem der vorhergehenden Anspruche, bei dem der molare Bereich der Reaktanten, 
ausgedruckt als Oxide, 

4 - 5 K2 0/1 t 25 - 1,50 AI 2 O 3 /10 SiO 2 /80 - 150 H 2 0 Oder 
4 - 5 teO/1,00 - 1,50 Ga 2 O 3 /10 SiO 2 /80 - 150 H 2 0 

25 iSt. 

9. Verwendung von Zeolith L, der nach dem Verfahren gemaB einem der vorhergehenden Anspruche 
hergestellt worden ist, zur Trennung der 1,5-; 2,6- und 2,7-lsomere von Dimethylnaphthalin. 

30 10. Agglomerat von Kristallen aus Zeolith L, wobei die Kristalle 30 bis 70 nm lang und 5 bis 25 nm im 
Durchmesser mit Poren von 3 bis 20 nm Durchmesser zwischen den Kristallen sind. 

11. Agglomerat nach Anspruch 10, bei dem die Kristalle 40 bis 60 nm lang und 10 bis 20 nm im 
Durchmesser sind und die Poren einen Durchmesser von 6 bis 15 nm aufweisen. 

35 

12. Verfahren zur Trennung der 1,5-; 2,6- und 2,7-lsomere von Dimethylnaphthalin (DMN) voneinander, 
indem ein Strom, der diese Isomere umfaBt, durch eine Masse aus Zeolith L, der nach einem Verfahren 
gemaB einem der Anspruche 1 bis 8 hergestellt worden ist, Oder des Agglomerats nach Anspruch 10 
oder 11 geleitet wird und im wesentlichen reines 2,7-DMN erhalten wird, gefolgt von im wesentlichen 

40 reinem 2,6-DMN und danach im wesentlichen reinem 1,5-DMN. 

Revendications 

1. Procede de production de zeolite L dans lequel un melange rgactionnel alcalin comprenant de I'eau, 
45 une source de silicium, une source de metal alcalin (M) et une source d'aluminium ou de gallium est 
chauffe a une temperature d'au moins 80 °C pendant une periode suffisamment longue pour former de 
la zeolite L, la composition du melange rSactionnel presentant les rapports molaires suivants (exprim6s 
en oxydes) : 



M 2 0/Si0 2 


0,4 a 0,5 


H 2 0/M 2 0 


15 a 30 


et 




Si0 2 /Al 2 0 3 ou Ga 2 03 


5^ 11 



55 

ou M est le potassium ou un melange de potassium et d'un ou plusieurs autres metaux alcalins. 
2. Procede suivant la revendication 1 , dans lequel les rapports molaires sont les suivants : 
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M 2 0/Si0 2 


0,42 a 0,48 


H2O/M2O 


20 a 25 


et 




Si0 2 /Al 2 0 3 


5a8 



3. Procede suivant la revendication 1, dans lequel les rapports molaires sont les suivants : 



M 2 0/Si0 2 


0,42 k 0,48 


H 2 0/M 2 0 


20 a 25 


et 




Si0 2 /Ga 2 0 3 


7& 11 
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4. procede suivant la revendication 1, dans lequel le melange contient une source d'un metal (M 1 ) 
Groupe lb, II, IV, VI, VII ou VIII du Tableau Periodique des Elements. 

20 5. Procede suivant la revendication 4, dans lequel le rapport M:M\ exprimS pour les oxydes, est 
rapport molaire M 2 0/M 1 2, n O de 700 a 1000, ou n designe la valence de M 1 . 

6. ProcSdt* suivant les revendications 4 et 5, dans tequel les rapports molaires sont les suivants : 



25 


(M 2 0 + M 1 2/n O)/Si0 2 


0,42 St 0,48 






H 2 0/(M 2 0 + M 1 2/ n O) 


20 a 25 






M 2 0/M 1 2/n 0 3 


800 & 900 






Si0 2 /Al 2 0 3 


5&8 





30 



7. Proc<§de suivant les revendications 4 et 5, dans lequel les rapports molaires sont les suivants : 





(M 2 0 + M 1 2/n O/Si0 2 


0,42 k 0,48 


35 


H 2 0/(M 2 0 + M 1 2/n O) 


20 a 25 




MaO/M^nO 


800 a 900 




Si0 2 /Ga 2 0 3 


7 & 11 



a Procede suivant I'une quelconque des revendications pr6o§dentes, dans lequel la plage molaire des 
corps rSactionnels, exprim^e en oxydes, est la suivante : 
4-5 1^0/1,25-1 ,50 AI 2 O 3 /10 SiCfe/80-150 H 2 0 ou 
4-5 r<2 0/1 ,00-1 ,50 Ga 2 O 3 /10 SiO 2 /80-150 H 2 0 

45 9. Utilisation de la zeolite L produite par le procede suivant Tune quelconque des revendications 
prfrfdentes dans la separation des isomeres 1,5, 2,6 et 2,7 du dim<§thylnaphtal&ne. 

10. Agglomerat de cristaux de zeolite L, lesdits cristaux ayant une longueur de 30 & 70 nm et un diamfetre 
so de 5 a 25 nm avec, entre les cristaux, des pores de 3 a 20 nm de diam&tre. 

11. Agglomerat suivant la revendication 10, dans lequel les cristaux ont une longueur de 40 & 60 nm et un 
diametre de 10 a 20 nm et les pores ont des diametres de 6 k 15 nm. 

55 12 Procede pour separer les uns des autres les isomeres 1 ,5, 2,6 et 2,7 du dimdthylnaphtalene (DMN) par 
passage d'un courant comprenant lesdits isomeres a travers une masse de zeolite L pr£pan§e par un 
procede suivant Tune quelconque des revendications 1 h 8 ou I'agglomSrat suivant Tune quelconque 
des revendications 10 et 11, et obtention du 2,7-DMN principalement pur, suivi du 2,6-DMN principale- 
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ment pur puis du 1,5-DMN principalement pur. 
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Fig. 4a: 
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